In this paper, we present a demodulate -and-forward (DMF) 
Introduction
Cooperative transmission has recently received significant attention, both from academia and industry, as a new approach to achieve spatial diversity gains, increase coverage [1] and improve reliability of energy-constrained mobile devices in wireless cellular, ad-hoc and sensor networks [2] [3] [4] . Cooperative diversity has also been widely accepted as one special effective way to combat fading over wireless channels without additional complexity of multiple antennas [5] . In [3] , the authors develop and analyze several cooperative protocols like the amplify-and-forward (AF), decode-and-forward (DF) and their selective and incremental variations. Unfortunately, analog AF transceivers require expensive RF chains to mitigate the existing coupling effects. A relay implementing DF decodes the source transmission and re-encodes it before forwarding it to the destination [6] . The demodulate-andforward (DMF) protocol is an alternative to DF/AF to reduce receiver power consumption due to channel decoding at the relay as well as to minimize the overall delay at the destination [7] [8] . Recently, there are some studies incorporating network coding [9] in cooperative communication. Network coding is a promising approach to improve spectral efficiency and reduce time-slot overhead for multiuser cooperative communications [10] [11] [12] . In [13] , Chen et al. investigate the diversity gain offered at high signal-to-noise ratio (SNR) by implementing network coding at relaying nodes. In the case of user cooperation, network coding yields better diversity performance, especially when there are multiple network users. In [14] , the authors propose a network-coded cooperation scheme with dynamic coding mechanism based on the observed instantaneous source-to-relay channel quality, which achieves a diversity-multiplexing tradeoff superior to conventional cooperation. In [15] , the authors present a multiuser cooperative transmission scheme with network coding and relay structure based on DMF [16] . For an opportunistic relay selection efficiently, channel conditions are expressed as a single equivalent channel gain between the sources and the relay [6, 15] . However, a challenging problem is, from theoretical point of view, how to quantify the benefits that a wireless network can enjoy by combining network coding with cooperative communication, or, how much performance gain can be obtained by network-coded cooperation ? To the best of our knowledge, this problem is still open. Therefore it naturally inspires our motivation.
In this paper, we consider a cooperative network with two sources, one relay and two destinations. To reduce the complexity of hardware and increase spectral efficiency, the DMF protocol for the relay with network coding is presented, which does not use decoder and encoder. A single equivalent channel gain is expressed to evaluate the ends-to-ends (the sources-relay-destinations) channel conditions [6] . The demodulators generate log-likelihood ratios during a previous transmission as a priori information, and the maximum a posteriori (MAP) decoder is used at the destinations [17] [18] . The rest of this paper is organized as follows. Section 2 describes the system model and DMF protocol with network coding. In Section 3, the BEP expressions and diversity gain for the DMF cooperative transmission based on network coding are derived and analyzed over Rayleigh fading channels. Numerical results are provided in Section 4, showing average BEP performance. Section 5 concludes the paper.
System model
We consider a cooperative network with two sources, one relay and two destinations. 
is the transmit signal of the  source, which is modulated by 2 Q -QAM. Q is the number of bits per symbol. v z is an independent and identically distributed (i.i.d.) zero-mean complex additive white Gaussian noise (AWGN) at node with variance 0 N .
We consider the demodulate-and-forward protocol, where the relay only demodulates, instead of decodes, the received data, to create and forward the network coded data to the destinations. The loglikelihood ratios generated by the demodulator are used during a previous transmission as a priori In the third time slot, the received signal at the j destination is
We consider the maximum a posteriori (MAP) decoder as the LLRs output of the decoder. When the cooperative transmission is received, these LLR's are used as soft information during the decoding of the data. The prior direct transmission and cooperative transmission can be effectively combined at the destinations. In order to decode the signal for the i source and obtain the diversity gain from the network-coded signal, we use a message-passing algorithm (MPA) based on belief propagation [15] . Finally, the destinations combine the received signals from the sources and the relay, and detect them.
In MPA, a message sent from a node on one of its edges is calculated based on messages received by that node on all edges except the one on which the current message is being sent. Calculation starts at variable nodes with the messages initialized to the LLRs For the source, the message from check node to variable node (check-to-variable message) is calculated as
At the variable node, the LLR 
Performance analysis

Bit error probability analysis
In the paper, we focus on binary phase shift keying (BPSK) for simplicity of exposition, and study the BEP performance of the DMF protocol. Define the instantaneous SNR at links i r ® , r j ® and i j ® 
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Where ij p , rj p and ir p are the conditional BEPs at their hops which we assume available at the destinations [6] .
, which is a monotonically decreasing function of x . We consider the sources-relay links to evaluate the BEP of network-coded signal at the relay.
The error occurs when the data from one of two sources cannot be correctly detected. The error probability of network-coded bit can be written [15] 
The BEP of two-hop channel can be obtained as 
It is intuitively expected that the BEP over the aggregate i r j ® ® link cannot exceed that of r j ® or i j ® . Due to possible errors at the relay, the i r j ® ® channel is clearly nonlinear and non-Gaussian. However, we can think of the BEP in (12) as the error probability at the destinations of an equivalent one-hop AWGN link whose output SNR by using the inverse Q -function [6] , eq irj g is ( ) destinations link quality. Notice also that errors at the destinations occur either when the i j ® transmission is received correctly and the i r j ® ® transmission is received in error, or when the i j ® transmission is received in error and the i r j ® ® transmission is received correctly. The error probability of the proposed scheme is dictated by three mutually exclusive events .We can express the error probability at destinations as 
Diversity gain analysis
Diversity gain (diversity order) is defined as the negative exponent of the average BEP plotted in a log-log scale when the average SNR tends to infinity [6] , that is ( )
where b P is the average BEP of the system , g is the average SNR, c is called the coding gain and d is called the diversity order. In general, the diversity order is at most the number of independent fading coefficients [1, 13] . In this section, we focus on the study of diversity order of the cooperative transmission based on network coding. For Rayleigh fading, we assume all channel fading coefficients are i.i.d. as
. Taking expectation over the SNR on (8), (12) and (14), respectively; we obtain the average BEP as 
At high SNR, Taylor series expansion [19] 
That is, the DMF cooperative transmission based on network coding achieves the diversity order of two with lower complexity and spectrum cost.
Numerical Results
This section presents some numerical and simulation results on the BEP performance of the DMF relaying with network coding (NC) for practical SNR values. With reference to Figure 1 , we consider the effect of the relay position in which r is located either close to the sources and the destinations or, equidistant from both, and assume the links from both sources to the destinations are symmetrical with the same SNR g value. The corresponding average output SNRs ( , , ) ij ir rj g g g in logarithmic-scale are ( , 10 , 10 ) dB dB g g g + + and ( , , )
g g g , respectively.
We compare the performance of no cooperation, DF based on NC (DFNC) with DMF based on NC (DMFNC) for different SNRs in Figure 2 and Figure 3 . From the BEP curve we can observe that the DF outperforms the DMF (See Figure 2) , which is because the full decoding process in the DF protocol improves the link qualities between the sources and the relay at the expense of battery power, complex hardware and processing delay. However, the DMFNC scheme is always superior to the noncooperation across the whole range of SNR. The SNR setup of ( , 10 , 10 ) dB dB g g g + + performs better than ( , , ) g g g because with i r ® and r j ® links having higher SNR, error propagation to j is mitigated. The diversity gain of order two can be achieved in the both settings. At high SNR, the DMF achieves almost the same performance as the DF. Simulation results for the average BEP of cooperative transmission with DF and DMF are also displayed in the plots (see Figure 3) . The performance of DMF comes very close to DF, which is certainly appropriate to implement in practice. 
Conclusions
In this paper, we study the BEP performance and diversity gain of the DMF protocol for cooperative transmission with network coding under Rayleigh fading channels. Exploiting the knowledge of the instantaneous BEP, the equivalent channel gain is obtained for reflecting the sources-relay-destination channel condition. At high SNR, the DMF achieves almost the same performance as the DF. However, the DMF protocol reduces the complexity of the hardware, power consumption and the delay. As a future work, we will extend our proposed scheme to cooperative MIMO in the context of cellular mobile systems, and further investigate performance gains.
